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OBJBCT 

Work  described  in  this  report  was  designed  primarJJLy  to  determine 
whether  the  first  60^000  t/omhS;,  with  less  than  specified  wall  thickness 
in  the  ogire  area,  ro.aKafa;;tiared  by  the  Walsh  Construction  Cou^jany  would 
meet  penetra-*  ijn  requirements  of  the  750-pound  T54E3  demolition  bombs. 
Another  purpose  of  the  evaluation  was  tc  determine  the  reason  for  cracks 
which  appeared  adjacent  to  the  lug  insert  welds  in  the  casings  of  a  small 
percentage  of  the  iK.mfs,  This  irrvestigation  also  included  evaluation  of 
the  effectiveness  of  repair  welding  the  cracks, 

SOMMART 

Ei»aluatlorji  *.»f  thin-acsed,  750-pound,  T54E3  demolition  bombs  made  by  the 
Walsh  Construction  Company  was  a  •complLshed  ttirough  thorough  metallurgical 
test.ing  and  g*ir-'i  irking  tests. 

Three  bomb  casings,  one  "as  forged"  with  "as  welded"  inserts,  another, 
welded  and  heat-treated,  and  a  th-lrd,  repair-welded  and  tendered,  v;ere  met— 
allurgicaliy  tested  to  establish  what  propeiiies  assure  intact  casings  after 
target  psaetratlnn  at  reda^ed  teaperatures, 

Tne  test  program  .l-icluded  chemijal  analysis,  hot-acid  mioroetching,  mi- 
croscopij  study,  teosii.e  property  check,  and  hardness  surveys  of  each  ogive 
and  body,  also  radiographic  examtuation  of  lug  insert  welds,  and  microscopic 
examination  of  welds  and  cracked  areas, 

Thin-nosed  ?^0-pc''jnd,  T54E3  demolition  bombs  manufactured  bj--  the  Walsh 
Construction  Company  were  guii-flrud  at,  an  average  velocity  of  1000  ft/sec 
agair.st  reinforced  targets  set  a-^  1,5-degree  obliquity.  Examination  of  the 
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targets  and  bombs  recovered  behind  the  targets  revealed  that  the  T54E3  bomb 
effectively  penetrated  both  16- inch  single-thickness  concrete,  reinforced 
with  two  spaced  layers  of  steel  bar  lattice,  and  24-;inch  laminated  concrete 
in  8-inch  slabs,  each  reinforced  v/ith  one  layer  of  steel  lattice  at  the  rear. 

CONCLUSIONS  ' 


Accorting  to  test  results,  the  penetration  ability  of  the  Walsh  bomb  was 
not  limited  by  the  thin  ogival  walls,  but  rather  by  the  base  closure  construc¬ 
tion  and  insert,  weld. 

Cracking  which  occurred  at  the  lug  insert  welds  was  associated  with  the 
stress  pattern  imposed  by  welding  a  relatively  massive  insert  into  a  thinner 
casing  wall.  Snugness  of  the  lug  insert  against  the  inside  of  the  casing  wall 
will  affect  the  strength  of  the  weld.  A  small  space  between  lug  insert  and 
wall  could  act  as  a  "tri goring  mechanism”  for  cracking.  The  contour  of  the 
toe  of  the  weld  reinforcement  'hould  be  smoothly  curved. 

Repair  welding  was  effective,  and  the  tempering  treatment  after  '-.’eld  re¬ 
pair  did  not  appreciably  affect  tensile  properties  of  the  ogive,  whereas  yield 
and  tensile  strengths  of  the  bomb  body  were  reduced  slightly  (about  10  percent 
and  5  percent,  respectively). 


RECCmENDATIOKS 

The  lug  insert  should  be  made  to  fit  snugly  against  the  casing  wall 
during  manufacture.  The  welding  process  should  also  be  studied  and  a  method 
established  which  will  increase  the  weld  penetration  in  width.  The  weld  should 
extend  to  the  edge  of  the  insert  boss,  completely  filling  the  space  between 
the  lug  insert  boss  and  the  wall  body,  thereby  eliminating  one  possible  "trigger¬ 
ing  mechanism"  for  cracking, 
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Tfiera  should  be  an  invastigation  of  base  elosure  construotion^,  and 
development  of  a  desigti  cjapable  of  wi-chstanding  the  impact  of  the  bomb 
against  a  concrete  targoto  Parenthetically,  it  should  be  noted  that 

A 

failure  in  this  area  is  not  limited  to  the  design  nerein  considerede 
It  is  recommended  that  repair  welding  be  considered  acceptf  ^-le ,  provided 
the  repair  weld  is  examined  carefully  by  radiographic  or  other  means  to 
assure  complete  oicsiore  cf  the  cracko 

ACTION  m  CN  RSCOMffiNDATIGNS 

A  note  will  be  added  to  the  bomb  drawing,  calling  for  the  weld  of 
the  lug  insert  boss  to  extend  tc  the  edge  of  the  boss#  The  process  is 
to  be  qualified  and  the  qualif icat-iou  requirements  v;ill  be  placed  in 
the  specifi  cation,  specification  will  be  chai^ged  to  permit  repair 

welding  of  cracks  and  oall  for  inspection  of  the  repair, 

Ihe  base  closure  constructions  has  been  referred  to  Research  and 
Development  for  investigation. 
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INTRODUCTION 

1.  The  'iValsh  Construction  Corpany  of  Portland,  Maine,  in  early  1954, 
contracted  to  manufacture  133,600  T54E3,  750-pounu  d emolition  bombs;  how¬ 
ever,  the  only  available  supplier  of  butt-welded  tubing  did  not  hare  the 
plant  capacity  to  produce  a  sufficient  amount.  Therefore,  the  Wfalsh  Company 
used  seamless  tubing  and  developed  a  new  method  to  form  the  ogive  and  base 
taper.  The  new  method,  a  swagitj^  process,  utilizing  one  small  (400-ton) 
press  instead  of  the  usual  five  heavy  presses,  could  produce  bombs  much* 
faster  and  cheaper  than  by  competing  methods, 

2.  Because  the  drawings  were  made  for  another  manufacturing  process 
and  the  seamless  tubing  had  a  wadi  thickness  tolerance  of  ^  122  percent, 
the  Vfalsh  Company  was  unable  to  achieve  the  ogival  wall  thickness  specified. 
However,  since  special  heat  treating  and  swaging  ^he  seamless  tubing  pro¬ 
duced  boTit)  casings  with  25  percent  more  structural  strength,  OCO  granted 
waivers  for  Walsh  to  manufacture  60,000  bombs  with  minimum  ogival  wall  thick¬ 
ness  of  1.200,  0.700,  O.5UO,  and  0.400  inch  instead  of  tne  specification 
diraansion  of  1.295,  0.786,  0.575,  and  0.425  inch. 

3.  Several  bombs,  each  loaded  by  the  manufacturer  with  694  pounds  of 
wet  sand,  were  dropped  by  a  mobile  crane  from  heights  of  55  and  110  feet. 

No  major  deformation  occui  red;  nevertheless,  Picatinny  Arsenal  initiated 
studies  to  determine  the  maximum  performance  that  could  be  expected  from 
these  thin-nosed  bombs. 

4.  As  the  first  step  in  evaluation  of  T54E3  Bombs,  WatertoTm  Arsenal 
was  requested  to  have  its  laboratories  conduct  metallurgical  tests  on  three 
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^ub.eq...r,t  heu  tre.t.b.r.t;  B  ...  processed  through  mi  ha.t  tra.tmept  ^d  hud 

body  Wctll  cracks  adjacent  to  the  inserts:  jnd  C  Was  -'im'-’ 

,  ana  t.  Was  oiniaar  to  B,  except  for 

repair-welded  cracks  and  subsequent  tempering  treatment. 

5.  The  three  casings  ware  subjected  to  ohecical  analysis,  hot  acid  cacro- 

^tchlng,  .icrascopic  study,  tensUe  property  deterclnaticn,  hardness  surveys 

and  radiographic,  .acrcscopic,  and  .icro^oplc  examination  of  lug  insert  welds. 

6.  Following  analysis  of  metallurgical,  examination  results,  JO  .alsh^anu- 

Tactured  bombs  were  selected  at  r^dom  Tor  measurements  ol  wall  thickness  acccitU 

to  star.d.a-ds  of  a,  o.  Smith  Company,  producers  of  the  original  TSh  Bomb 
Casing. 

7.  Of  the  30  bombs,  the  10  with  the  gre.test  variation  in  wall  thickness 
were  chosen  for  additional  testing.  Seven  of  the  10  were  used  for  gun-firing  ■ 

penetration  tests  (Table  1),  the  remaining  bombs  were  used  to  test  the  adapter' 
booster  impact. 


Bomb 

Ko. 

J 


TABLE  1 

Iell_Thicto,ess_oOom^ Gun-fired  at  Naval  Pra.,.-„ 

Mf-asurement  Position 

;t>,  1  Woe  2“  Mr  1  Mgab-urement  Positinn 


l.Z^u 

1.400 
1 .  JoU 

1.250 

lw300 

1 , 3(X; 
1.300 

1.580 

1.350 

1.400 

1.6u0 


ire.cient 

Position 

MOw  2 

No.  j 

IJg.  4 

.  700 

.450 

350 

.730 

.460 

.370 

310 

.450 

.360 

.SOU 

.450 

.350 

.700 

.450 

.350 

.690 

.500 

,400 

.690 

.450 

.UO 

.670 

.450 

0 

9 

,720 

.  52u 

.350 

.  650 

.450 

.370 

,650 

.470 

.  400 

.700 

,500 

.  4''X) 

Bomb 

W?. 

9" 


1.400 
1 ,460 
1.590 
1.450 

1.5  Op 

1.59U 

i.57u 

1.520 

1.450 

1.450 

1,500 

1.380 

1.390 

1.370 

1.350 


No.  2  " 

No.  3 

No.  4 

.7(00 

.  490 

.  33u 

*660 

.490 

.390 

.710 

.490 

.400 

.700 

.490 

.4W 

.750 

,480 

.410 

.710 

.460 

.400 

.680 

.500 

.380 

.710 

.470 

.380 

.740 

.470 

.390 

.710 

.450 

.350 

.750 

.450 

.380 

.650 

.450 

.370 

.650 

.480 

.390 

.670 

.480 

.390 

.710 

.450 

.350 
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Mgr/iLLURGIC/iL  RESULTS 

&,  Visu-jil  exoinination  showed  the  casings  were  similar,  except  that 
Casing  A  had  a  0.45-inch  wall  thickness,  while  Casings  B  and  C  each  had 
0.375-inch, 

9.  Because  the  casings  were  manufactured  from  seamless  tubing  by  hot 
forging,  there  were  no  longitudinal  or  circumferential  weld  joints. 

10.  Chemical  analysis  of  spscimens  obtained  from  the  body  of  each  casing 
yielded  the  following  results; 


Casing 

C 

Un 

Si 

S 

P 

Ni 

Cr 

Mo 

■OH 

A 

■  0.305 

0.84 

0.26 

0,U20 

0,015 

nil 

J.03I 

Trace 

Trace 

B 

0,38  .1,02 

0.25 

U.O25 

0.018 

nil 

0.021 

nil 

Trace 

C 

0.37 

0.98 

0.22 

0,032 

0.013 

nil 

0.021 

nil 

Trace 

11.  Although  Casing  a  originated  from  a  different  heat  of  steel  than 
either  B  or  C,  all  three  were  manufactured  from  steel  meeting  chemical  com¬ 
position  requirements  of  Picatihny  arsenal  tentative  Purchase  Description 
No.  PA-PD-613.  The  composition  of  this  steel  was  Iriadequate  to  transform 
completely  to  martensite  in  the  section  thickness  present  in  the  casing 

ogives.  This  condition  was  even  worse  with  the  standard, thicker  section, 

12.  Macroscopic  Examination;  Longitudinal  sections  were  machined  from 
the  ogive  and  body  of  e ich  casing,  then  surface-ground  and  etched  in  a  hot 
solution  of  HCl  and  H2O,  The  rcsu].ting  macrostructures  (Figs.  1  and  2)  were 
typical  of  good  quality  hot-rolled  steel.  In  Casings  B  and  C  the  flow 
pattern  of  the  forged  ogive  sections  was  more  pronounced  than  in  Casing  a. 
Numerous  fine  cracks  (resulting  from  the  ogive-forming  operation;  were  on 
both  the  interior  and  the  exterior  surfaces  of  the  B  and  C  casing  ogives. 
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Fig.  2-.  Hot-Acid  Macroetched  Sections  from  Ogives  of  T54  Bomb  Cas.lng3  A 
and  Cjj  Manufactured  by  the  Walsh  Construction  Company, 
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Fig.  1-.  Hot-Acid  Macroetched  Sections  from  Bodies  of  T54  Bomb  Casings  A, 
B,  and  C,  Manufactured  by  the  Walsh  Construction  Conmany. 
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Figure  3  shov.-s  ijow  these  cracks  appeared  on  the  anterior  surface  of  the 
ogives.  The  most  severe  cracks^  found  in  Casing  C,  were  1/32  inch  v/ide 
by  inch  deep.  Comparison  of  the  three  sections  (Fig.  1)  showed  con¬ 
siderable  variation  in  the  ogive  wall  thickness  of  Casings  A,  B,  and  C, 


B 


G 


Fig,  3s  of  Interior  Surfaces  of  Ogives  from  750-Pound  T54 

Casings  A,  B,  and  C  Manufactured  by  the  Walsh  Construction  Ccanpary, 


13  o  Microscopic  Examination:  Specimens  were  machined  from  the  ogive 
and  body  of  each  casing.  In  Casing  A  (Fig,  4),  microscopic  examination  re¬ 
vealed  very  little  difference  in  the  microstructure  iii  either  location; 
both  areas  consisted  of  fine  pearlite  eind  ferrite.  The  structures  were 
typical  of  hot-worked  steel,  slowly  cooled  from  the  forging  temperature  in 
air.  Casings  B  and  C  had  structures  in  the  body  consisting  of  tempered 
bainite,  v.dth  some  traces  of  martensite  in  B  and  considerable  rejected 
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XlOO  -A- 

Coarse-Grained  Structure  of  Hot- 
Worked  Steel, 


XIOOO  -B- 

Fine  Pearlite  and  Ferrite  in 

Same  Area  as  -A-, 


nco  -G-  XIOOO  -D- 

Moderate  Grain  Size.  Ferrite^  Bainite,  and  Fine  Pearl 

ite  in  Same  Area  as  -G-. 

Fig.  4,  Microstructures  of  Ogive  Sections  From  Casings  A,  B, 
and  G. 


ferrite  in  C  (Fig.  5)»  Both  casings  had  similar  ogive  structure  which  con¬ 
sisted  of  bainite,  pearlite,  and  ferrite.  The  nose  stinicture  v^as  consistent 
for  steel  of  the  composition  employed  which  would  not  be  expected  to  quench- 
harden  fully  through  the  heavy  v;all  section  at  this  location, 
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CASING  B'  XIOOO 


FiJie-Grainedj  Slightly  Banded  Tempered  Structure  of  Bainite 

Structure,  _ and  Some  I-lartensite,  ~ 


XlOO 


XIOOO 


GAS  no  G 

Fine  Grained  Structure  vdth  Some  Tempered  Bainite  and  Grain  Boun- 
Elongated  Bon-I.etcliic  Jnclusion,  dary  Ferrite, 


Fig.  5.  Idcrostructures  from  Bodies  of  Bomb  Casings  B  and  C. 


14*  Tensile  Properties;  Specimiens  for  determination  of  tensile  prop¬ 
erties  were  taJcen  from  the  ogive  and  body  sections  (in  longitudinal  and 
transverse  directions)  of  all  three  casings.  Four  specimens  were  obtained 
for  each  position.  Data  contained  in  Table  2  show  that  yield  and  tensile 
strengths  v;ere  higher  in  the  casing  sidewuU  than  in  the  forged  ogive  area, 
with  the  difference  more  prono\inced  in  heat-treated  Casings  B  and  C, 
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15.  Casing  ti,  unheat-treated,  had  jtieid  cind  tensile  strengths  somewhat 
lower  in  the  trarisverse  direction;  the  opposite  was  true  in  Casings  B  and  C, 
which  had  been  heat-treated  by  quench  and  temper  operations.  Casing  A  had 
an  average  transverse^yieild  strength  of  /^1,C)00  psi  in  the  '‘orged  ogive,  and 
fOOO  psi  in  the  body.  Transverse  sections  of  the  heat-treated  casings 
exhibited  81,000  psi  yield  and  114,000  psi  tensile  in  the  cgive,  and  106,750 
psi  yield  and  130,000  psi  tensile  in  the  body. 

16„  At  -65°C  (-84°F)  the  strength  of  the  ogive  section  showed  an  in¬ 
crease  over  ambient  temperature  properties.  This  was  more  pronounced  in  the 
unheat-treated  casing,  which  increased  30  to  35  percent  in  yield  strength  and 
approximately  I5  percent  in  tensile.  At  the  low'^  temperature,  quenched -and- 
tempered  Casing  B  increased  from  10  to  17  percent  in  yield  strength  and 
from  9  to  13  percent  in  tensile.  An  increase  of  3  to  17  percent  in  yield 
and  8  to  12  percent  in  tensile  strength  was  obtained  in  Casing  C  when  the 
test  temperature  was  lowered  from  room  temperature  to  -65°C.  No  appre¬ 
ciable  effect  Was  noted  in  the  elongation  and  reduction  of  area  values  of 
any  of  the  casings. 

17.  Hardness  Tests:  Rockwell  hardness  readings  were  obtained  on 
surface-ground  longitudinal  sections  from  the  ogive  and  body  of  each  casing. 
Table  3  contains  readings  on  the  ogive  sections;  body  section  readings  were 
uniform  and  not  tabulated.  Casing  A,  as  forged,  was  slightly  higher  in 
hardness  at  the  outer  surface  of  the  ogive  (84  Rockwell  B  average)  with 

the  hardness  decreasing  toward  the  interior  (81  Rockwell  B  average), 

18.  Near  the  outer  surface  of  the  ogive,  thq  other  two  casings  showed 
higher  readings  (19  to  28  Rockwell  C)  which  decreased  toward  the  midwall 
(15  to  16  Rockwell  C)  and  increased  again  slightly  at  the  outer  surface  (ig 

to  21  Rockwell  C). 

13 


CONFIDENTIAL 


CONFIDENTIAL 


i'Inch  B«lo»  i-Inch  B«Io«  Jt'lnck  Below  Contor  i^lnch  Bflow  if-Inch  Below 
Surface  Surface  Surface  of  _  Surface  Sirface_ 

Outer  Inner  Outer  Jjjner^  Ojj^£r  Inner  Section  Outer  Inner  ll!£S£ 
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19.  Hardness  readings  obtained  every  half -inch  apart  on  a  section  from 
Casing  A *3  sidewall  were  similar  to  those  obtained  near  the  outer  surface  of 
its  ogive.  Readings  obtained  on  sections  of  B  and  C  casing  sidewalls  were 
fairly  uniform  and  averaged  25  and  23  Rocb/ell  C,  respectively, 

20.  Radiographic  Examination  of  Cracked  Ar'^as;  Radiographs,  covering  an 
approximate  12-inch  by  18-inch  casing  area,  v/ere  taken  of  both  lug  inserts  in 
each  of  the  three  casings.  No  cracks  or  other  defects  were  observed  in  either 
the  rear  insert  welds  (circular  inserts)  or  the  fonvard.  insert  weld  of  Casing 
A,  In  Casing  B  (visible  without  X-ray),  an  13.- inch  long  crack  vms  shown  tan¬ 
gent  to  the  forward  edge  of  the  insert  ^veld  and  extending  into  the  casing  met- 
al  an  equal  distance  on  each  side  of  the  insert  (Fig.  6),  The  radiograph  of 
Casing  C  revealed  a  repair  vfeld  of  a  crack  vdiich  extended  into  the  casing 

metal  approximately  seven  inches  to  the  left  and  3/4  inch  to  the  right  of 

% 

the  insert,  A  1/4-inch  section  at  the  end  of  the  crack  on  the  right  side 
of  the  insert  vras  not  filled  completely  by  the  repair  welding  operation. 
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21,  Examination  of  Lug  Insert  Welds;  Sections  of  lug  insert  v.-elds  were 
taken  from  the  three  bomb  casings  (Fig.  6)  so  that  in  each  case  the  section 
of  Specimen  No,  1  examined  was  approximately  in  the  centerline  of  the  lug  in¬ 
sert.  Macrographs  of  these  sections  are  shown  in  Figures  7  and  8,  As  a 
point  cf  interest^a  macrograph  of  the  opposite  face  of  Specimen  Cl  is  shovm 
in  Figure  8, 
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SPECIME?^  A1 
Bomb  A  As  V/elded 


SPECIt'iEN  B1 

Bomb  B  ATter  Quench  and  TengDer 


Crack 


(b)  X  5 


Fig.  7.  Lug  Insert  Welds  of  Casings  A  and 
Shoving  Cracks  in  Casing  Wall. 


22,  A  second  specimen,  G2,  was  taken  frora  Bomb  C  to  give  a  cross  sec- 
tion  of  the  repair  v/eld  and  a  section  of  the  ;insert  weld.  The  black  dots  in 
the  macrographs  indicate  approximately  where  photomicrographs  v/ere  taken. 
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SPECIMEN  Cl 


55^ 


SPECIMEN  Cl 


OPECtriEN 


Bomb  Casing  C  with  Lug  Insert.  V/eld  Repaired. 


23.  Photomicrographs  in  Figure  9  were  taken  from  the  location  on  Bomb 
A,  shovai  in  Figure  7>  to  show  the  "as  welded"  condition.  The  bomb  casing 
wall  was  a  iiot-worked  metal  id.th  a  banded,  coarse  pearlitic  structure,  and 
the  v/eld  .metal  had  a  coarse  dendritic  structure  v;ith  some  peariite,  Figui’e 
9E  shov/3  the  coarse  peariite  of  base  met-1  in  the  heat-affected  zone  was  re- 
fiiied  considerably  by  successive  heat  applications  of  the  tvro  v/eld  layers. 
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Fig.  9.  Photoinicrogra{^\3  of  the  "As  Welded''  Condition  of 
Lug  Insert  Section  of  Test  Bomb  Casing  A, 


24.  In  the  quencn-  and  temper-treated  bomb  casing,  the  coarse  pearlite 
was  refined  considerably  and  had  been  transformed  largely  to  tempered  bainite 
Coarse  dendritic  structures  of  the  weld  were  eliminated  by  heat-treatment 
v/hich  left  a  structure  of  fine-grained  pearlite  v;ith  some  bainite.  The 

1.8 
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heat-'iffected  zone,  us  such,  disaj-pcared,  and  the  structure  reverted  to  that 
of  the  heat-treated  casing  wall. 

25.  Casing  C's  wall  exliibited  a  structure  of  tempered  bainite  with  a 

small  amount  of  tempered  martensite.  The  repair  weld  was  dendritic,  similar 

to  the  lug  insert  welds,  but  much  finer  grained  because  of  alloy  content  and 

* 

because  specimens  for  the  photomicrographs  were  in  a  layer  of  weld  metal 
below  the  surface. 

26.  Casing  C's  lug  insert  weld  showed  a  structure  of  fine-grained 
pearlite  with  some  bainite,  plus  a  slight  iron  carbide  precipitation  due  to 
tempering.  The  repair  weld  shewed  that  the  structure  in  the  surface  layer 
was  not  reheatedl  by  a  subsequent  layer. 

27-  As  shown  in  Figure  6,  a  typical  example,  quench  cracking  occurred 
api^roximately  at  right  angles  to  tne  centerline  of  the  lug  insert,  and  the 
crack  was  t  mgent  to  the  weld  at  the  centerline  of  the  lug  insert,  rixeept 
for  a  short  distance  in  the  region  of  tangency,  the  crack  was  not  associated 
with  the  lug  insert  weld  but  extended  into  the  bomb  casing  away  from  the  weld. 
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GaK^FIRINS  RESULTS 

28,  All  the  seven  bombs  fired  penetrated  their  respective  targets, 
and  all  bombs  v/ere  recovered  after  firing.  Three  were  in  an  effective 
condition  and  four,  in  an  ineffective, bursting  condition, 

29c  In  general,  nose  ends  of  recovered  bombs  were  in  very  good  con¬ 
dition,  Conical  nose  plugs  and  the  areas  around  them  v/ere  orOy  slightly 
deformed.  All  impacts  v/ere  at  a  velocity  of  about  1000  ft/sec  which  rough- 
ly  corresponded  to  a  free  fall  from  25,000  feet  altitude.  In  each  case  the 
concrete  target  v/as  at  15  degrees  obliquity  from  the  line  of  f;Lre  (  the  angle 
at  point  of  inpact,  betv/een  the  line  of  fire  and  the  normal  to  the  plate), 

30,  Tlie  first  bomb,  v/ith  a  mean  velocity  of  ICIC  ft/sec,  v/as  fired  29 
March  1.956,  against  l6-inch,  single-tliickness  reinforced  concrete,  instead  of 
the  18-inch  requested  by  Reference  B.  An  18- inch  target  v/as  not  available 
and  previous  result-  had  indicated  that  this  bomb  v/culd  not  penetrate  20 
inches  of  concrete  and  remain  effective.  Nose  plug  and  nose  area  were  in 
good  condition.  Figure  10  shows  th;  t  the  body  v/as  uncracked  and,  except 

for  a  180-degree  fold  around  the  base, 
v/as  in  good  sliape,  Hov/ever,  the  bomb 
base  v/as  torn  open,  the  explosive  cav¬ 
ity  exposed,  and  the  base  v/ell  broken 
and  deformed  (Fig,  ’.l), 

31a  The  second  bomb  was  fired  on 
U  April  1956,  against  20-inch,  single- 
thickness  reinforced  concrete  at  a  ve¬ 
locity  of  1025  ft/  seci  Nose  plug  and 
nose  area  reriained  in  good  condition^ 


Fig.  10,  Target  Penetration  and 
Fold  at  Ogive  Base  of  First  Bomb. 
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Fig.  11.  Base  of  Recovered 
Bomb,  Showing  Broken  External 
Base  Ring,  Missing  Base  Ping, 
and  Distorted  Fuse  Cavitj 
Linar, 


32.  The  third  bomb,  fired 
11  April  1956,  against  20-inch, 


but  the  body  fracturou  along  the  weld 
for  the  multiple  lug  insert  (Figs.  12 
and  13),  ^d  a  heavy  300-degree  fold 
appeared  around  the  main  base  of  the 
ogive  (Fig,  14 ).  The  external  base 
ring  w;"s  partially  separated  from  the 
body  of  the  bomb  as  shovm  iai  Figure  12, 


single-thickness  reinforced  con¬ 


crete,  had  a  mean  velocity  of 
1005  ft/sec.  Nose  plug  and  nose 
area  v/ere  in  good  condition,  but  the 
the  multiple  lug  insert  and,  at  the 


Fig,  12,  Second  Bomb,  Showing  Fold 
at  Junction  of  Ogive  and  Body,  Split 
Along  Multiple  Insert  Weld,  and  Sep- 
-aration  of  External  Base  Ring, 

body  had  a  fracture  along  the  weld  for 

give  base,  two  heavy  folds,  one  of 


Fig.  13®  Sectioned  ^^ultiple  Lug  Insert  From 
Second  Bomb,  Showing  Metal  Failure  Along  Weld, 
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Fig,  14.  Photo  of  Second  Bomb  Fired,  Showing  Fold  at  Base 
of  Ogive  and  Penetration  Thro^h  20  Inches  of  Concrete, 

which  extended  360  degrees  around  the  body  (Fig,  I5),  The  external  base 
ring  was  partially  separated  from  the  body  (Fig.  I6),  and  the  body  section 
had  a  fracture  along  the  weld  for  the  multiple  lug  insert  (Fig.  I7), 


Fig.  15.  Third  Bomb  Fired,  Fhow- 
ing  Heavy  Folds  Around  Body. 

33,  The  fourth  bomb  was  fired 
18  April  1956,  against  l6-inch  re¬ 
inforced  concrete.  Mean  velocity 
was  1013  ft/sec.  The  nose  plxig, 
nose  area,  and  body  were  in  good 
condition;  the  body  had  no  fclds 


Fig,  16,  Gloseup  of  3rd  Bomb  Base 
Showing  Separation  of  External  Base 
Ring  and  Exposed  Cavity. 


Fig.  17.  Metal  Failure  Along  Lug 
Insert  Weld  of  Third  Bomb  Fired, 
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or  bxlgaa  (Fig,  18),  The  ojcteriial  base  ring  in  this  bomb  was  broken  and 
deformed,  nevertheless,  as  shown  by  Figure  19>  the  explosive  cavity  was  not 
exposed.  The  bomb  remained  effective* 


Pig,  18,  Nose  of  Fourth  Bomb 
Appi^s  in  Good  Condition  Fol¬ 
lowing  Target  Penetration* 


Fig,  19,  Base  of  Recovered  Fourth 
Bomb,  Showing  Broken  Exterxjal  Base 
Ring  and  Sheared  Rim  on  Base  Plug, 


34 »  The  fifth  bomb  wa.>  fired  26  April  1956,  against  24-inch, laminated 
(three  8-inch  slabs  stacked  together)  reinforced  concrete.  Mean  velocity  was 
988  ft/sec.  The  nose  plug  was  in  poor  condition  and  had  been  forced  into  the 
nose  fiize  well,  although  the  surrounding  nose  area  was  in  good  condition.  The 
body  wa.'  not  damaged,  except  lor  a  slight  180-degree  bialge  around  the  base  of 
the  ogive, (Fig.  20),  A  slight  separation  appeared  between  the  external  base 
ring  and  the  body, 

35,  The  sixth  bomb  was  fired  2  Kay  1956,  against  24-inch,  laminated 
(two  12“inch  slabs  stacked  together)  reinforced  concrete.  Mean  velocity  w:as 
1016  ft/sec.  Although  the  nose  plug  was  in  good  condition,  the  surrovinding 
area  was  fractured  (Fig,  21),  The  body  was  badly  fractxired  but  the  bomb  base 
was  in  good  shape,  and  no  cracks  appeared  near  the  insert  weld  (Fig.  22), 
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36.  The  seventh  ^-onb  xvas 
fired  10  May  1956,  against  24~ 
inch,  laminated  (three  S— inch 
slabs  stacked  together)  rein¬ 
forced  concrete.  Mean  ireloc- 
ity  v/as  978  ft/sec.  hose  plug 
and  ogive  v/ere  in  good  condi¬ 
tion,  except  for  a  dent  that 


Fig.  20.  Fifth  Bomb  Fired,  Showing 
Penetrated  Target  and  Bu^ge  Ai'ound 
Base  of  Ogive. 


Fig.  21,  Sixth  Bomb  Fired,  Showing  that  Area  Sur¬ 
rounding  No3G  Plug  vms  Fractured,  Although  Plug  was 
in  Good  Condition  and  Target  was  Penetrated, 


Fig.  22.  Sixth  Bomb  Fired  with  Base  in  Good  Condition 
and  Lug  Insert  Weld  Area  Free  from  Cracks. 
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resulted  from  secondary  impact  (Fig.  23).  The  base  of  the  seventh  bomb 
v;as  in  good  condition  and  so  vas  the  body.  However,  as  shown  in  Figure 
24,  a  180-degree  fold  appeared  at  the  base  of  the  ogive. 


Fig,  23.  Seventh  Bomb  Fired, 
Shewing  Dent  from  Second&sy  Iia- 
pact. 


Fig.  24.  Photo  Showing  Ifc«r 
Seventh  Bomb  Penetrated  Target, 
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DISCUSSION.’  CF  RESULTS 

37.  although  chenicji  jualysis  indicated  incoaplete  t runs formation  to 
narter.site  (refer  to  p^r.  11),  a  fully  martenlstic  structure  was  probably 
not  essential  for  use  in  the  T54E3  Boab. 

38.  It  appears  that  in  Casing  a,  fabricated  fron  .45*lnch- thick  tubing, 
the  flow  pattern  was  less  distinct  than  in  Casings  B  and  C  because  less 
forging  was  required  to  increase  wall  thickness  from  .A5"inch  to  the  required 
d.i'Tiensions  of  the  nose. 

39.  Microscopic  examination  indicated  that  the  ogive  and  body  structure 
of  Casing  A  was  consistent  with  the  mechanical  properties  of  the  casing  which 
had  approximately  a  55“Percent  yield  to  tensile  strength  ratio.  The  structure 
of  the  body  of  Casing  C  indicated  that  the  austenitizing  treatment  was  not 
perlormed  with  as  drastic  a  quench  as  employed  f ^r  Casing  B.  This  accounts 
for  the  ferrite  rejection.  Again,  the  yield  to  tensile  strength  ratios  are 
consistent  with  the  microstructures  of  Casings  B  and  C. 

AO.  The  lower  ogival  strength  levels  in  the  unheat-treated  casing,  shown 
by  tensile  strength  tests,  resulted  from  slow  cooling  from  the  forging  tem¬ 
perature,  In  the  heat-treated  casings,  lower  strengths  in  the  ogives  were 
attributed  to  insufficient  hardenability  of  the  steel  composition  employed  and 
the  slower  cooling  rate  in  the  thicker  sections  during  quenching. 

Al.  The  variation  in  hardness  (.shown  by  Rockwell  tests)  existed  from 
both  the  interior  and  exterior  surfaces  to  the  center  of  the  heat-treated 
ogive  sections.  It  demonstrated  the  la'k  of  "through-hardening"  qualities 
of  the  steel  employed,  and  also  revealed  that  the  casings  were  cooled  on 
both  the  exterior  and  interioi*  sui'faces  during  the  quenching  o^peration. 
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I*  appeared  *hat  the  Inte-^arr  q-acncr,  was  efficient  than  the  exterior,  be- 

r’ajse  of  hJ^her  har'daess  values  obtained  near  the  interior* 

42,  The  slightly  higher  readings  in  the  sidewall  of  the  heat-treated 

i 

casir-gs  (refer  to  ^  18)  resulted  from  the  more  rapid  cooling  of  the  thinner 
sections  during  qaenching  from  the  austenitizing  tec^erature.  Because  of  their 
-niforinityj  individual  readings  obtained  on  the  sidewall  sections  were  not  pre¬ 
sented, 

L3  o  The  repair  vreld  on  the  lug  inserd,  showed  that  the  structure  in  the 
surface  layer'  was  not  reheated  by  a  subsequent  layer,  Tb.is  indicated  that 
tne  tempering  had  a  negligible  effect  on  weld  metal  structure, 

s 

44,  Review  of  lug  insert  examination  results  indicates  that  the  lug  in¬ 
sert  did  not  fit  the  opening  in  the  casing  wall  accur-ately  enough  to  fit 
snugly  against  the  inside  of  the  casing  wall  prior  to  welding,  T|xis  condition 

t 

caused  a  tendency  tc  the  root  cracking  of  the  weld  metal,  A  root  crack  was 
present  in  the  first,  or  root  layer  of  v/eld  metal.  The  peculiar  nature  of 
the  vr  elding  process  was  also  a  contributing  factor  to  the  root  cracking  be¬ 
cause  the  pro  jess  gave  a  penetration  great  in  depth  out  restricted  in  width. 

This  condition  resulted  in  a  constriction  of  the  we^td  metal,  at  the  root  of  the 
Joints  where  the  poor  fit  of  the  back-up  produced  a  sharp  re-entrant  angle  on 
the  side  of  the  casirig  wall,  that  ^;as  believed  to  be  a  contributing  factor  to 
root  cracking  upon  cooling  of  the  weld, 

45.  Root  cracking  was  not  associated  v/ith  cracking  of  the  casing  wall 
during  the  heat  treatment  cycle,  since  the  casing  cracked  through  the  heat- 
affected  zone,  contiguous  to  the  toe  of  weld  reinforcement  and  away  from  the 
bond  line,  over  the  inner  halj;  of  the  casing  wall  thickness.  This  indicated 
that  'racking  was  '‘triggered"  by  restraint  of  the  lug,  insert,  mass  and  weld 
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reinforcement,  upon  cooling  from  the  quench.  Small  variations  in  snugness 
of  fit  of  the  111;  insert  against  the  inside  of  the  casing  wall,  the  height 
of  weld  rei-'.^orcement,  or  contour  of  the  toe  weld  can  cause  ”trigger-ing'' . 

46.  It  will  be  noted  that  quench  cracking  occurred  approximately  at 
right  angles  to  the  cenl^erline  of  the  lug  insert,  tangent  to  the  weld  at 
the  centerline  of  the  insert.  Except  for  a  short  distance  in  the  region 
of  tangency,  the  crack  was  not  associated  with  the  lug  insert  weld  but  ex¬ 
tended  into  the  bomb  casing  away  from  the  weld. 

47.  It  is  possible  that  quench-cracking  of  the  bomb  casing  (about  one 
percent  of  production)  was  associated  w ith  the  stress  pattern  imposed  by  the 
relatively  massive  insert  welded  solidly  into  the  thinner  casing  vfallf  The 
weld  reinforcement  could  act  as  an  effective  stress  raiser  from  longitudinal 
shrinkage  of  the  bomb  casing  during  the  quench.  It  was  not  evident  that 
variation  in  welding  techniques  would  affect  the  incidence  of  cracking,  ex¬ 
cept,  possibly,  insofar  as  the  amount  of  weld  reinforcement  would  be  affected 
by  such  variations. 

48.  The  first  bomb  fired  was  considered  ineffective  because  the  base 
closure  failed.  A  body  fracture  and  resulting  exposure  of  the  explosive 
cavity  made  the  second  bomb  ineffective.  Separation  of  the  external  base 
ring  from  the  body,  exposure  of  the  explosive  cavity,  and  a  fracture  along 
t.he  we]  d  rendered  the  third  bomb  ineffective, 

49.  Although  its  external  base  ring  broke  and  deformed,  the  fourth 
bomb  was  considered  effective  because  its  explosive  cavity  was  not  exposed. 
The  fifth  bomb  was  also  deemed  effective  because  the  body  remained  in  good 
condition  with  the  explosive  cavity  unexposed. 
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50,  A  badly  fractured  body  made  the  sixth  bomb  Ineffective;  however, 
It  should  be  noted  that  this  bomb  jKas  fired  against  a  target  heavily  rein¬ 
forced  (in  a  cubic  fashion)  with  3/S-inch  bars  on  six- inch  centers. 

51.  The  seventh  bomb  was  in  an  effective  cor^dition  because  both  body 
and  base  were  in  very  good  shape. 

52.  Examination  of  recovered  bombs  indicated  that  two  areas  lacked 
adequate  strength;  the  weld  for  the  multiple  lug  insert,  and  the  base 
closure.  Only  one  bomb  out  of  seven  failed  because  of  body  fracture;  the 
other  failures  were  results  of  weld  or  base  construction  weaknesses.  Re¬ 
fer  to  Table  4  for  complete  data. 


and  Results 


Date 

Fired 

1956 

Pomb 

’vt 

Inert 

Filler 

Spec, 

Veloc- 

ity 

Ft/Sec* 

1010 

750 

1^71^ 

k/h 

776 

1.73 

1025 

4/11 

775 

1.72 

1005 

'i/in 

775 

1.71 

1013 

4/26 

73-6 

1.76 

988 

5/2 

751 

1.76 

1016 

5/lc 

749 

l.?4 

978 

table  U 

SuimaQr  of  Firing  Conditions 
Target 

Thick-  Through 

neas  Opening 

IJORS  Inches  Inches 

^  ^  X  27 

s  20  n  X  73 

S  20  26  X  27 

^  25  X  27 

L  6+8+8  26  X  28 

I  8+8+8  22  X  28 

I  12+L2  22  X  31 


R^^narks 

’'oiy  ■lofor-r.ed;  tss?'  rlnj  broken 
off;  explosive  Civity  exposed. 
Body  deformed  »nd  split  along 
weld;  base  ring  loose.  . 

'•ody  deforr.ed  and  .plit  along 
weld;  base  ring  broken. 

Eoiy  intact;  base  ring  broken, 
bu,.  cxplo'ive  cavity  unexrosed. 
Body  slightly  defonred;  base 
ring  loose, 

Pody  bally  fractured;  base 
ring  Intact. 

Eoiy  deformed;  ba-e  ring  intact, 
a  velocity  of  1000  ft;'soo. 


f-CT’F  ?♦  ^  thickness,  L  *  larrinatptH 

bombs  penetrateH  the  tar^-of  1  +aminat.ea, 

-  ■  ■  "  - - —  T.arget,  and  all  targets  wpr^  at 


Conii*  ion 
Cf  3onb 
Ineffective 

Inef fectl Ve 

Ineffectiv*? 

Ef  fee*  ivfc 

Effective 

Ineffective 

Effective 
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DSSCrtIPTION  CF  TEST  B0M3S 

# 

(Valsh  Corapany  750-pound  oenolition  bombs_used  in  the  gun-firing 
tests  .vere  identical  to  the  T54E3  Bomb  shown  in  Figure  25,  except  that  the 
ogive  wall  thickness  was  below  specification  requirements.  The  Walsh  bomb 
had  a  maximuin  diameter  of  16.13  inches  and  an  overall  length  of  50.94  inches, 
ill  lug  inserts, fuze  charging  tubes,  oind  fuze  wells  were  included  in  the 
bombs.  Sample  bombs  were  prepared  from  seamless  tubing,  with  the  ogive  and 
base  taper  formed  by  a  swagiiig  process.  The  lug  inserts  were  formed 
separately  and  welded  into  the  bomb  body. 

54.  The  bombs  were  c -loaded  with  a  mixtu-re  of  Pearlite  (volcanic 
glass,  specific  gravity  0.125>i  cement  and  water  to  simulate  the 

density  of  tritonal  high  explosive.  This  inert  filler  was  allowed  to  harden 
a  minimum  of  ten  days  before  firing.* 

*  55.  To  increase  the  diameter  of  the  bombs  to  gun  bore  diameter  and  seal 
against  the  escape  of  propellant  gases,  an  aluminum  pusher  plate  (Fig.  26)  and 
a  four-inch  cloth  tape  boui’relet  were  placed  on  each  bomb.  The  pusher  plate, 
attached  with  four  ^^inch  bolts,  was  designed  to  strip  off  upon  target  impact 

m 

without  damage  to  the  bomb  body.  The  bombs  were  provided  with  regular 
conical  steel  nose  plugs,  and  the  fuze  wells  were  left  empty.* 

TEST  EwUIPlffiNT 

56,  an  18-inch/4417  Mk  A,  No.  IL  (Rifled  Bore)  gun  was  used  to  fire  the 

test  bombs.,  The  propellant.  Index  3PDN  10546.  in  4Q-POund  charges,  was  used 

♦  NOTH?  Bomb  labeled  'Ternu.c uJ.it e'*  on  Frontispiece  typifies  description  in 

paragraph  55$  and  does  not  pertain  to  loadirig  described  in  paragraph 

54. 
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MATERIAL  .  EAST AL  ALLOY 


Fig,  26,  Pressure  Plate  for  .750-Pcmnd  Boiib, 


with  Combination  MK  15—2,  Lot  ?M10,  1952,  primer.  The  powder  was  packed 
in  6— inclv^52,  three— section,  raw  silk  bags.  Targets  were  of  various 
thicknesses  of  reinforced  concrete  with  5000  psi  con^jressive  strengt.h, 
Refer  to  Table  5  Tor  coiqplete  details. 


33 

CONFIDENTIAL 


TABLE  5 

somxKT  or  data  om  ocx:rkte  TAfiorrs  usm 


CONFIDENTIAL 


34 

CONFIDENTIAL 


Z' 


CONFIDENTIAL 


pboceddre 

57.  Alter  a  „f  lo  daye  for  curing  of  the  inert  fiUer,  the 

bo»U  ««  prepared  for  firir^  addition  of  the  tape  bourrelet  and  alua>. 
inum  pusher  plate, 

5$.  Each  b'joL^,  seated  127.^,  in' hoc  a.l. 

e  f  .  .ax.  -nes  from,  the  mushroom  face  of  the 

closed  bree'‘h  rf  thfi  i  a  i,- ..-i- 

the  g:m,  was  fired  by  a  charge  adjusted  to 

prc-da:;6  a  m0  2sle  -^-elocitF  of  1000  Tiha  = 

The  range  was  approximately'  45 

feef  to  the  reififorceci  spr’iir>airi  t  l  r. 

.  secured  at  l>--degree  obliquity  in  a  butt 

backed  by  a  large  amount  cf  sand, 

59.  Velocities  were  measured  by  counter  chronographs,  and  pressures, 
by  copper  crusner-cyllrtder  gages.  After  each  bomb  wa,  fired,  it  was  re- 
cover edj  examined ^  a.nd  phot  „ graphed. 
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